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Description 

Over the past decade, there have been nu- 
merous reports relating to the identification of tu- 
mor associated antigens, also referred to as tumor 
markers. Such tumor associated antigens may be 
intracellular or cell surface molecules, typically pro- 
teins, glycoproteins, glycolipids, and the like, which 
are associated with neoplastic cells but not with 
corresponding normal cells or are associated with 
normal cells in very small quantities. In some in- 
stances, the tumor associated antigens are re- 
leased from the neoplastic cells into the blood or 
body fluids, and many attempts have been made to 
correlate the serum level of such antigens with the 
presence and/or status of the disease. 

Unfortunately, such correlations have been 
very difficult to make. Ideally, a useful tumor mark- 
er would be present in all patients suffering from 
the tumor, but would be absent from the sera of all 
normal patients and patients suffering from other 
types of neoplasia. At present, no such tumor 
markers have been identified. Instead, it has been 
found frequently that markers which are identified 
with the neoplastic transformation of one type of 
cell will be present on cells of other normal tissues. 
Conversely, it is also found that markers associated 
with particular types of tumors in a number of 
individual patients will not be universally associated 
with that type of tumor on all patients. Thus, serum 
assays for virtually all known tumor markers are 
subject to false positives stemming from release of 
"tumor" markers from normal cells and false nega- 
tives resulting from the lack of universal tumor 
markers. 

For these reasons, it would be desirable to 
provide improved tumor marker assays capable of 
furnishing a superior correlation between the pres- 
ence of the tumor marker and the disease state of 
the patient. It would be particularly desirable to 
provide such assays which may be employed with 
both known and presently undiscovered tumor 
markers. 

Gupta et al. (1983) Clin. Exp. Immunol. 53:589- 
599 describes the detection of tumor associated 
antigen in eluates from Staphylococcus aureus col- 
umns used for the immunoadsorption of plasma 
from a melanoma patient. Theofilopoulous et al. 
(1978) J. Clin. Invest. 61:1570-1581 describe an 
assay for immune complexes employing Raji cells 
for binding of the immune complexes. 

The present invention provides an improved 
method for detecting tumor associated antigen in 
patient plasma or sera. It has been found that an 
improved correlation between the presence of the 
tumor associated antigen and the status of the 
disease is obtained by detecting only that antigen 
which is present in the form of circulating immune 



complexes. The assay may be employed with most 
known tumor markers, and is useful both for 
screening patient sera to detect the presence of 
cancer, as well as monitoring the tumor load in 
5 patients known to suffer from particular forms of 
cancer. 

Immune complexes between tumor antigen and 
antibody to the tumor antigen may form freely in 
plasma. Normally, the presence of antigen in cir- 

w culation is sufficiently low, or the antigen is present 
for a sufficiently brief time, that the immune com- 
plexes are removed by the phagocytic mecha- 
nisms of the immune system. Because of the rela- 
tively high concentration of tumor associated anti- 

75 gens in many patients, however, antigen-antibody 
complexes (known as circulating immune complex- 
es or immune complexes) may persist for long 
periods of time. It is believed that the formation of 
these complexes may have two effects which relate 

20 to the detection of tumor associated antigen in 
plasma or sera. First, because the antigen is in- 
volved in such complexes, the antigen may be 
refractory to detection by normal immunoassays. 
This situation would lead to false negative results 

25 as have been observed in the prior art. Second, 
because low levels of the antigen which may be 
released by normal cells will usually not form per- 
sistent immune complexes, the free antigen may 
be detected, which leads to false positive results. 

30 Both these sources of error may be obviated by 
detecting tumor associated antigen only as present 
in immune complexes, as accomplished by the 
method of the present invention. 

EP-A-0100914, Otsuka Pharmaceutical Co., 

35 Ltd., describes a method which includes separating 
immune complexes from a body fluid and deter- 
mining the quantity of immune complexes sepa- 
rated. 

The assay of the present invention comprises 

40 an essential preliminary step before determination. 
First, the immune complexes within the patient's 
serum or plasma sample are enriched relative to 
other serum components, typically by immunoad- 
sorption. After the initial enrichment, the immune 

45 complexes are separated from the enriched frac- 
tion, typically by immobilization on a solid-phase 
receptor specific for the immune complexes. After 
separation, the immune complexes may be de- 
tected by conventional immunological techniques, 

so conveniently employing labelled receptors specific 
for the tumor marker. 

It has been found that the enrichment step 
followed by the separation of the immune com- 
plexes is critical in detecting specific immune com- 

55 plexes which are present at very low levels, typi- 
cally on the order of less than 1 ug/ml in serum. 

The present invention provides a novel method 
for detecting immune complexes including a spe- 
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cific tumor marker in a plasma or serum sample 
and a method for screening plasma or serum sam- 
ples for specific antigenic tumor markers present in 
immune complexes as defined in claim 8. The 
method for detecting immune complexes including 
a specific tumor marker comprises an enrichment 
step where the serum or plasma sample is for 
example passed through an immunoadsorbent col- 
umn to enrich the concentration of immune com- 
plexes present in the sample relative to other se- 
rum components in the sample. The immune com- 
plexes will be enriched by a factor of at least about 
1 .2, preferably at least about 2, more preferably at 
least from about 5 to 10. Following the enrichment 
step, the immune complexes are separated e.g. by 
employing a solid-phase receptor specific for the 
complexes. Once bound to the solid-phase recep- 
tor, the complexes are detected using a labelling 
system specific for the tumor marker of interest. 
The amount of tumor marker detected in the sam- 
ple may then be related to the disease status, 
typically by reference to a standard curve or by 
comparison to the patient's individual history. 

The enrichment step will preferably utilize an 
immunoadsorbent column capable of specifically 
binding immune complexes from the plasma or 
serum sample. The immunoadsorbent column will 
employ receptors specific for the immune com- 
plexes, such as protein A, antibody to human im- 
munoglobulin, Clq protein or C3b protein. In some 
cases, it will be possible to use antibody specific 
for the tumor marker of interest as the receptor, 
although this would not be advisable where sub- 
stantial amounts of free tumor associated antigen 
are likely to be present in the serum sample. 
Having the desired receptor, immunoadsorbent col- 
umns may be prepared conventionally by coupling 
the receptor to a suitable column packing, such as 
Sephadex®, Sepharose®, particulate silica or 
agarose. A suitable protein A column may be ob- 
tained from IMRE Corporation, Seattle, Washington, 
under the trade name Prosorba. Alternatively, 
packed Staphylococcus aureus columns may be 
prepared and utilized for the enrichment step. The 
preparation of such S. aureus columns is described 
in detail in Jones et al. (1980) Cancer 46:675-684. 

The method of the present invention also pref- 
erably employs a solid-phase receptor for separat- 
ing the enriched immune complexes obtained from 
the immunoadsorbent column. Conveniently, the 
solid-phase will be a test receptacle, such as a test 
tube or microtiter well, suitable for performing the 
remainder of the assay. The solid-phase may be 
constructed from conventional materials, such as 
glass, polypropylene or polystyrene. Suitable re- 
ceptors include Raji cells, as well as the receptors 
which were described above for use in the im- 
munoadsorbent column. Particularly preferred are 



the Raji cells and the Clq protein which have very 
high affinity for the immune complexes. 

The receptor will be immobilized in the test 
receptacles by known techniques. For example, 
5 Raji cells may be non-specifically bound to the 
walls of the test receptacle as follows. Live Raji 
cells are centrifuged and washed to remove culture 
fluid. The washed cells are then incubated in the 
test receptacle for one hour at a low temperature. 

w Clq protein may also be non-specifically adsorbed 
by incubation for several days at low temperature. 
Following the non-specific adsorption, the remain- 
ing non-specific binding sites should be blocked by 
incubation with a blocking reagent, such as a gela- 

75 tin solution or bovine serum albumin. A specific 
method for binding Clq to polystyrene tubes is 
described in Hudson and Hay, Practical Immunol- 
ogy, 2nd. edition, Blackwell Scientific Publications, 
Oxford (1980), pp. 229-230. 

20 The method of the present invention employs a 
labelling system capable of detecting the tumor 
associated antigen of interest. The labelling sys- 
tem, in turn, will utilize a receptor specific for the 
tumor associated antigen, typically an antibody or 

25 monoclonal antibody, and a label capable of being 
detected when immobilized on the solid-phase. 
Most simply, the labelling system may comprise 
labelled antibody capable of binding the tumor 
associated antigen directly. Alternatively, the label- 

30 ling system may employ an unlabelled primary 
antibody capable of binding the tumor associated 
antigen and a labelled secondary antibody capable 
of binding the primary antibody. Other suitable 
labelling systems are also available, such as the 

35 biotin-avidin bridge labelling technique described 
by Hsu et al. (1981) Am. J. Clin. Pathol. 75:734. 

A wide variety of detectable labels are suitable 
for use in the present invention. Enzymes are of 
particular interest, including hydrolases, particularly 

40 esterases and glycosidases, and oxidoreductases, 
particularly peroxidases. Also suitable are radioac- 
tive labels, such as 125 1, 32 P, 14 C, and the like; 
fluorescent compounds such as fluorescine and its 
derivatives, rhodamine and its derivatives, dansyl 

45 or umbelliferone; and chemiluminescers such as 
luciferin and luminol. These detection labels may 
be used in solid or liquid phase systems. 

The assay of the present invention is suitable 
for detecting virtually any serum tumor marker for 

so which a receptor protein, usually an antibody, can 
be found or prepared. It is not necessary that the 
particular tumor marker be a perfect predictor or 
indicator of the diseased state. In some cases, the 
presence of amount of the tumor marker in sera 

55 may be diagnostic of a neoplastic condition, while 
in many other cases only variations in the amount 
of tumor marker present will have substantial sig- 
nificance, usually corresponding to increases and 
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decreases in the tumor load. 

Tumor markers of interest include proteins, 
glycoproteins and glycolipids. Of particular interest 
are glycolipids which appear to contain an aberrant 
ceramide composition which may result from the 
neoplastic transformation of the cell. Various 
glycosphingolipids have been identified as asso- 
ciated with human cancer. A particular glycolipid 
antigen with a type II chain referred to as Lewis" - 
(Lb*) antigen has been related to a number of 
cancers and is the tumor marker which is identified 
in the exemplary assay in the Experimental section 
hereinafter. 

Many monoclonal antibodies directed at human 
tumor associated antigens have been developed 
and are suitable for use in the assay of the present 
invention. Illustrative antibodies include R24 spe- 
cific for a human melanoma antigen (Dippold et al. 
(1980) Proc. Natl. Acad. Sci. USA 77:6114); mon- 
oclonal antibody N-19-9 directed at sialylated Lew- 
is" antigen (Koprowski et al. (1979) Somatic Cell 
Genet. 5:957); as well as various antibodies di- 
rected at the Le" structure. 

In performing the assay of the present inven- 
tion, typically a plasma or serum sample of from 
about 1 to 10 mis is obtained from the patient and 
applied to the immunoadsorbent column. The col- 
umn is then washed, and the bound immune com- 
plexes eluted with a suitable chaotropic agent, such 
as sodium thiocyanate or by changing the pH or 
ionic conditions. The eluate is returned to phys- 
iological pH or conditions, and adjusted to a de- 
sired concentration prior to performing the solid- 
phase assay. The prepared eluates are dispensed 
into the assay test receptacle and incubated under 
conditions which allow specific binding of the im- 
mune complexes. After washing the test receptacle 
to remove non-bound substances, the labelling sys- 
tem is introduced and the amount of bound label 
determined. 

The following examples are offered by way of 
illustration. 

EXPERIMENTAL 

Materials and Methods 

The column used for extracorporeal immunoad- 
sorption was obtained from IMRE Corporation, Se- 
attle, Washington, and designated by the trade 
name Prosorba. The Probsorba™ column com- 
prises protein A isolated from cultures of Staphy- 
lococcus aureus Cowan I bound to a silica matrix in 
a cartridge. Prior to use, the column was washed 
with normal saline followed by a wash with normal 
saline and heparin. 

Extracorporeal immunoadsorption was per- 
formed as follows. A catheter was placed into the 



pulmonary artery to monitor hemodynamic 
changes. A continuous-flow plasma-cell separator 
(IBM 2997, Armonk, NY) was used to separate 
anticoagulated blood into cellular components and 

s plasma. The cellular components were returned 
unprocessed. The plasma (0.25 to 2L) was per- 
fused over a Prosorba™ column containing 200 
mg protein A and returned to the patient. Eluates 
were obtained by eluting the Prosorba™ column 

70 with phosphate buffered saline (PBS), pH 1 1 .5, and 
immediately neutralizing the eluate. Normal human 
plasma passed over Prosorba™ columns as con- 
trol. 

Monoclonal antibodies IR-13 and IR-14, avail- 

75 able from IMRE Corporation, are specific for 
fucolipids having the X determinant (Galj81-*4- 
[Fucal- 3]GlcNAc). 

The Raji cell assays were performed in small 
(5 ml) conical test receptacles. The viability of the 

20 Raji cells were determined by trypan blue exclu- 
sion prior to the assay. Approximately 10 6 viable 
cells were used per receptacle. The Raji cells were 
spun down to remove the culture fluid and re- 
suspended in 1 ml cold PBS. Cells were spun 

25 again, and the supernatant was discarded. Column 
eluates containing 1 mg protein were incubated 
with the Raji cells for 1 hr at 4'C. After 1 hr the 
cells were spun and washed 3 times with cold 
PBS. Cell pellets were suspended in 30% fetal calf 

30 serum (FCS) for 1 hr at 4'C to inhibit non-specific 
binding of monoclonal antibodies. Le x -specific 
monoclonal antibody IR-13 in 30% fetal calf serum 
(FCS) was added to the cells and incubated for 1 
hr at 4'C. The PBS-washed Raji cells were then 

35 suspended with a peroxidase conjugated rabbit 
anti-mouse IgG for 1 hr at 4'C. The cells were 
thoroughly washed, and the enzyme substrate o- 
phenylenediamine (1 mg/ml containing 25 ul/30 ill 
of 30% H2O2 as a catalyst) was added for 15 min 

40 at room temperature (the cells were spun down 
and the supernatant was transferred to a microtiter 
plate). The enzyme reaction was stopped by 1N 
H2SCU. The absorbence was measured on an 
ELISA plate reader at 490 nm. 

RESULTS 

Extracorporeal immunoadsorption was per- 
formed on a patient diagnosed as having breast 

50 adenocarcinoma. A Raji cell assay employing the 
IR-13 antibody and the peroxidase conjugated rab- 
bit anti-mouse antibody was positive for the breast 
cancer eluate while it was negative for a normal 
human eluate. The assay was also negative with 

55 purified Le" alone (not in immune complex) or Le" 
emulsified with normal human serum. 

In order to determine the disease specificity of 
the Le x -related immune complexes, the assay of 
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the present invention was performed on column 
eluates containing 1 mg protein from patients suf- 
fering from different cancers. The assay was posi- 
tive in 6/7 breast cancer patients, 4/4 colon cancer 
patients, and 1/1 lung cancer patients, while it was 
negative for 3/3 melanoma, 1/1 hepatoma, and 2/2 
normal patients. However, when the Raji cell assay 
was carried out directly on the sera (100 u.l con- 
taining approximately 1 mg IgG) of the same pa- 
tients, none of the sera were positive for the Le*- 
related complexes. This indicates that enrichment 
of the complexes relative to other serum compo- 
nents is necessary before the immune complexes 
associated with specific tumor markers may be 
detected in serum. 

Claims 

1. A method for detecting immune complexes 
including a specific tumor marker in a plasma 
or serum sample, the method comprising 

a step of separating the immune com- 
plexes of the sample, and 

a step of detecting the specific marker in 
the separated immune complexes; 

characterized in that the method also com- 
prises a first step of enriching the immune 
complexes relative to other proteins of the 
sample by a factor of at least 1.2 prior to the 
separation step. 

2. A method as in claim 1, wherein the immune 
complexes are enriched by passage of the 
sample through an immunoadsorbent column 
capable of specifically binding the immune 
complexes, followed by elution from the col- 
umn. 

3. A method as in claim 2, wherein the im- 
munoadsorbent column is a protein A column. 

4. A method as in any one of claims 1 to 3, 
wherein the immune complexes are separated 
by binding to Raji cells or Clq. 

5. A method as in claim 4 wherein the Raji cells 
or Clq are bound to a solid phase to allow 
separation of the bound immune complexes. 

6. A method as in claim 4, wherein immune com- 
plexes bound to Raji cells are separated by 
centrifugation. 

7. A method as in any one of claims 1 to 6, 
wherein the specific marker is detected by 
reaction with an antibody specific for the mark- 
er. 



8. A method for screening plasma or serum sam- 
ples for specific antigenic tumor markers 
present in immune complexes, said method 
comprising: 

s passing the sample through an immunoad- 

sorbent column capable of specifically binding 
immune complexes; 

washing the column to remove all unbound 
substances; 

w eluting the bound immune complexes from 

the column to form an eluate; 

exposing the eluate to a solid phase re- 
ceptor capable of specifically binding the im- 
mune complexes; and 

75 exposing the immune complexes bound to 

the solid phase to a labelling system specific 
for the antigenic markers. 

9. A method as in claim 8, wherein the im- 
20 munoadsorbent column is a protein A column. 

10. A method as in claim 8 or claim 9 wherein the 
solid phase receptor comprises Raji ceils or 
Clq bound to a solid-phase. 

Revendications 

1. Une methode de detection de complexes im- 
muns comprenant un marqueur tumoral speci- 

30 fique dans un 6chantillon de plasma ou de 
serum, la methode comprenant 

une etape de separation de complexes 
immuns de I'echantillon et 

une etape de detection d'un marqueur 
35 spScifique dans les complexes immuns s6pa- 
(6s; 

caract6ris6e en ce que la methode com- 
prend 6galement une premiere etape d'enri- 
chissement des complexes immuns par rap- 
40 port aux autres proteines de I'echantillon par 
un facteur d'au moins 1,2 avant l'6tape de 
separation. 

2. Une methode selon la revendication 1 dans 
45 laquelle les complexes immuns sont enrichis 

par un passage de I'echantillon par une colon- 
ne immunoadsorbente capable de lier specifi- 
quement les complexes immuns, suivi de I'elu- 
tion de la colonne. 

50 

3. Une methode selon la revendication 2 dans 
laquelle la colonne immunoadsorbente est une 
colonne de proteine A. 

55 4. Une methode selon une des revendications 1 a 
3 dans laquelle les complexes immuns sont 
separes par liaison a des cellules de Raji ou a 
une proline Clq. 
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5. Une methode selon la revendication 4 dans 
laquelle les cellules de Raji ou le Clq sont liees 
a une phase solide pour permettre la separa- 
tion des complexes immuns lies. 

6. Une methode selon la revendication 4 dans 
laquelle les complexes immuns Wis aux cellu- 
les de Raji sont s£par£s par centrifugation. 

7. Une m£thode selon une des revendications 1 a 
6 dans laquelle le marqueur specifique est 
dStecte' par reaction avec un anticorps specifi- 
que pour le marqueur. 

8. Une methode de screening d'echantillons de 
plasma ou de seVum pour des marqueurs tu- 
moraux antig6niques presents dans des com- 
plexes immuns, ladite methode comprenant: 

le passage de I'^chantillon par une colon- 
ne immunoadsorbente capable de lier specifi- 
quement des complexes immuns; 

le lavage de la colonne pour eMiminer tou- 
tes les substances non li£es; 

l'6lution des complexes immuns \\6s de la 
colonne pour former un eluat; 

I'exposition de I'eluat a un recepteur a 
phase solide capable de lier specifiquement 
les complexes immuns et 

I'exposition des complexes immuns lies a 
la phase solide a un systeme de marquage 
specifique aux marqueurs antigeniques. 

9. Une methode selon la revendication 8 dans 
laquelle la colonne immunoadsorbente est une 
colonne de proline A. 

10. Une methode selon la revendication 8 ou 9 
dans laquelle le recepteur a phase solide com- 
prend des cellules de Raji ou du Clq lies a une 
phase solide. 

PatentansprUche 

1. Verfahren zum Nachweis von Immunkomple- 
xen einschlieBlich eines spezifischen Tumor- 
markers in einer Plasma- Oder Serumprobe, 
das Verfahren umfassend 
einen Schritt zur Abtrennung der Immunkom- 
plexe von der Probe und 
einen Schritt zum Nachweis des spezifischen 
Markers in den abgetrennten Immunkomple- 
xen; 

dadurch gekennzeichnet, da/3 das Verfahren 
auch einen ersten Schritt der Anreicherung der 
Immunkomplexe in bezug auf andere in der 
Probe enthaltene Proteine urn einen Faktor von 
wenigstens 1,2 vor dem Abtrennungsschritt 
umfaBt. 



2. Verfahren nach Anspruch 1, worin die Immun- 
komplexe durch Leiten der Probe durch eine 
immunadsorbierende SSule, die fahig ist, die 
Immunkomplexe spezifisch zu binden, und dar- 

5 auffolgende Elution aus der Saule angereichert 

werden. 

3. Verfahren nach Anspruch 2, worin die immun- 
adsorbiernde SSule eine Protein A-SSule ist. 

10 

4. Verfahren nach einem der AnsprOche 1 bis 3, 
worin die Immunkomplexe durch Bindung an 
Raji-Zellen oder Clq abgetrennt werden. 

75 5. Verfahren nach Anspruch 4, worin die Raji- 
Zellen oder Clq an eine Festphase gebunden 
werden, urn die Abtrennung der gebundenen 
Immunkomplexe zu ermSglichen. 

20 6. Verfahren nach Anspruch 4, worin an Raji- 
Zellen gebundene Immunkomplexe durch Zen- 
trifugieren abgetrennt werden. 

7. Verfahren nach einem der AnsprUche 1 bis 6, 
25 worin der spezifische Marker durch Reaktion 

mit einem fdr den Marker spezifischen AntikQr- 
per nachgewiesen wird. 

8. Verfahren zum Screenen von Plasma-oder Ser- 
30 umproben in bezug auf spezifische antigene 

Tumormarker, die in Immunkomplexen vorlie- 
gen,das genannte Verfahren umfassend: 
Leiten der Probe durch eine immunadsorbie- 
rende SSule, die fahig ist, Immunkomplexe 

35 spezifisch zu binden; 

Waschen der SSule, urn alle ungebundenen 
Substanzen zu entfernen; 
Eluieren der gebundenen Immunkomplexe aus 
der Saule, um ein Eluat zu bilden; 

40 Aussetzen des Eluates an einen Festphasen- 
Rezeptor, der fahig ist, die Immunkomplexe 
spezifisch zu binden; und 
Aussetzen der an die Festphase gebundenen 
Immunkomplexe an ein Markierungssystem, 

45 das spezifisch fur die antigenen Marker ist. 

9. Verfahren nach Anspruch 8, worin die immun- 
adsorbierende SSule eine Protein A-Saule ist. 

so 10. Verfahren nach Anspruch 8 oder 9, worin der 
Festphasen-Rezeptor an eine Festphase ge- 
bundene Raji-Zellen oder Clq umfaflt. 
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